As one of the key IT applications, the project management information system (PMIS) played a significant role in construction management processes in Korea. On increasing use of PMIS, regular quality assessment to identify user's requirements of PMIS is necessary. However, there have been rare research efforts for quality assessment for the construction PMIS. This paper aims to propose a priority index of quality improvement for construction PMIS using the importance and satisfaction measures and to verify the discrimination power of the priority index by comparing it with other quality improvement priority index. In addition, this paper discusses some possible ways of PMIS quality improvement. The analysis of quality improvement priority was based on a questionnaire responded by 253 PMIS users (construction managers and constructors). The methods of PMIS improvement were based on the interviews with eight experts. These findings would be the foundation of further researches on PMIS quality improvement. However, more efforts are required to enhance the priority index, in terms of reflecting weighted values of quality assessment factors.
1. Introduction
Background and Objective
As there are many different participants who pursue diverse values, smooth information-sharing and communication among them is the most essential factor in the successful performance of construction projects, which means that an information system is required to support the related information-sharing and communication. In addition, to effectively manage the huge amounts of data generated in the course of the construction project management process, a systemic database should be built, and data should also be reprocessed in a manner that is appropriate for a system in which user opinions can be reflected in real time [1, 2] . To meet these demands, many studies have been conducted on the development and utilization of a Project Management Information System (PMIS) to support the entire process of a construction project [3] . On the other hand, the use of a PMIS has become not an option but a sine qua non for improving effectiveness and efficiency since it was stipulated as one of the main tasks of a construction project manager in Directives for Construction Projects enacted by Ministry of Construction and Transportation on Dec. 1, 2009 [1] .
To ensure that users utilize PMIS more actively and achieve the objective of building the construction PMIS, a quality assessment from the users'
perspective should be performed periodically, and a plan for quality improvement should be made based on the assessment. The activities for quality improvement usually proceed according to priority, taking into account the limits of the resources given.
The priority planning is applied to the development process of a general information system [4, 5, 6, 7, 8, 9] .
Thus far, there have been few studies that attempt to draw a systemic priority for the quality improvement of construction PMIS in current use.
Likewise, there have been few studies to suggest a quality improvement plan according to priority. Hence, a priority assessment method is based on importance and satisfaction measures by quality item as well as quality items appropriate for the construction PMIS quality assessment is presented in this paper. Moreover, the improvement plans for the quality factors that are determined to be more important will also be discussed. The quality improvement is expected to contribute to providing a discrimination power to the priority index. In addition, more important quality factors will be discussed to improve the PMIS, which will ultimately contribute to improving user satisfaction.
Research Scope and Method
The construction PMIS can be broadly divided into an Information System that is developed inhouse by the company using the system, an ASPbased Information System that is developed and provided for wide use, and an Information System that is specialized to specific large projects. The scope of this research is restricted to the ASPbased PMIS, which is widely used in the construction industry in Korea. The procedures of this research are as follows (See Figure 1 ). The process of drawing the quality factors to be utilized for quality improvement priorities assessment of the PMIS was organized. Next, literature was reviewed to suggest a quality improvement priority index for the PMIS based on the importance and satisfaction measures found in the literature, and then the quality improvement priority index was verified through a comparative analysis with the existing priority indices. Finally, based on the users' assessment, the quality improvement priorities were determined, and an approach to improving the important factors was also discussed. For users' assessment, a questionnaire consisting of 23 questions was given to a total of 253 people.
The opinions of users were reflected in the assessment. To discuss the factors ranked at the top on the list, 8 employees with more than 10 years of experience in charge of developing the PMIS were selected from among the developers and interviewed in written form.
Assessment method of quality improvement priorities

Assessment items of quality improvement priorities
The quality assessment items in the construction PMIS utilized in this research were drawn from the author's preliminary research [10] . The processes of drawing the assessed items and of verifying reliability and validity can be summarized as follows: 1) Through the preliminary research on quality assessment of the Information System and successful cases [11, 12, 13, 14, 15, 16, 17, 18, 19] the items that were possible to assess were collected, and then some of the items, which had a similar meaning and were redundant, or which were for a specific Information System, were eliminated based on the preliminary research.
The characteristics of the construction industry and construction information management were reflected in a manner appropriate for the quality assessment of the construction PMIS. A total of 25 assessment items were selected. items, an exploratory factor analysis (EFA) was performed. As a means of determining the number of factors, an eigenvalue is the factor by which the eigenvector is scaled when multiplied by the matrix. The higher the eigenvalue is, the better the distribution of the variables of a factor is explained. More than 1 was set as the measuring standard. In addition, factor loading was used to determine the importance of measured variables in the process of interpreting the EFA, and the factor loading value reflects the correlation between the common factor and an original variable. More than 0.5 was set as the measuring standard [20, 21, 22] . From the EFA results, 3 factors were derived, which were System Quality (5 assessment items), Information Quality (10 assessment items) and Service Quality (8 assessment items). 4) Cronbach's α (alpha), a coefficient of reliability, was used to verify reliability of the assessment items of the construction PMIS. In general, if the Cronbach's α is shown to be higher than 0.6, reliability is acknowledged [23] . The Cronbach's α was shown to be 0.835, 0.941, and 0.926 for the factors of System Quality, Information Quality and Service Quality, respectively. Therefore, the assessment items of the construction PMIS proposed in this paper can be considered statistically reliable. Table 1 shows the assessment items of the construction PMIS drawn this procedure. improving. However, Tonge and Moore [29] explained that it is more appropriate to focus on satisfaction, which measures the user's experience, than on performance, which measures the quality of management, when deriving the priority for service quality improvement [25] . On this basis, the Importance-Satisfaction Analysis (ISA) was applied in many different studies that evaluated the quality based on the users' experience, including studies of tourism festivals, university libraries, airliners and water taxis [26, 27, 28, 29] .
Assessment factors in quality improvement priorities
According to Tonge and Moore's statement, satisfaction, which represents 'the quality of the user's experience' was used to draw the quality improvement priorities of the PMIS along with the importance of quality items of the PMIS. That is, we propose to assess the quality improvement priority index(PI) based on the users' assessment of the importance (I) and satisfaction (S) of quality items of the PMIS, on which basis we also determine the quality improvement priorities for the PMIS.
Quality improvement priority index
The following are the results reviewing on the priority index to utilize importance and satisfaction presented in the existing literature. 1) Jang and Roh [30] derived the priority using the difference between importance and satisfaction shown in Eq. (1) in order to analyze factors that have an impact on the quality of e-learning contents from the learners' perspective. An equation like this is widely used not only for deriving the priority but also for determining whether there is a difference between two criteria.
-----(1) As shown in Eq. (1), this is the most general and the easiest way to draw the improvement priority based on the difference between importance and satisfaction. However, Table 2 indicates that even though the values of importance and satisfaction are different, if there are two quality items that have the same value in difference, the priority of the two items is shown to be identical, which is a weakness.
2) Eq. (2) is a method widely used to draw the priority along with Eq. (1). As shown in Eq. (2), the two assessment items are shown in a ratio.
-----(2) 3) In a study analyzing the improvement priority of the living environment based on residence satisfaction, Park et al. [31] claimed that as it is extreme to determine the items to be improved based only on the satisfaction value, the items should be also considered in the context of the entire living environment. In other words, the weight of each item that takes up the entire living environment assessment (e.g., importance)
should also be taken into account. To make the scale standardized, the actual variables were replaced with a relative value compared to the maximum and minimum values. Eq. (3) and Eq.
(4) are the standardized formulae for Satisfaction (S) and Importance (I), respectively. To analyze the priority using Eq. (5), the values of Importance (I) and Satisfaction (S) should be converted. Table 4 shows the priority examples converted according to a 7-point Likert Scale, and as shown in Table 4 , some quality items that have different values in Satisfaction and Importance have a priority index. [32] derived the priority of essential success factors by deducing the success factors in urban regeneration projects and analyzing the differences through research on Importance and Satisfaction.
4) Yu and Kwon
They have the same rationale that the higher the difference between Importance and Satisfaction, and the higher the ratio is, the higher the priority should be, but they also maintained that the priority cannot be fully explained and supported when derived using only the individual differences and ratios.
Therefore, they proposed Eq. (6), in which the difference between and the ratio of Importance (I) and Satisfaction (S) are reflected simultaneously.
------(6) However, as in Table 5 index. This is the limitation of the improvement priority index in terms of priority discrimination, which is the fundamental requirement.
Assessment of quality improvement priorities
Quality improvement priority index for the PMIS
In order to address the limitations of the assessment method of improvement priority explained in Section 2.3, the premises of PI for this research are as follows. First, when Satisfaction is shown to be low compared to Importance (I>S), the priority is set for the quality items. Second, the lower the redundancy (that is, the better the discrimination), the better the PI. The purpose of the PI comprised of Importance (I) and Satisfaction (S) proposed in this research is to determine the individual priority of 23 quality items in Section 2.1, and it should meet the two requirements below. ① When more than two quality items have the same value in the areas of Importance and Satisfaction, the higher the Importance value, the higher the priority. The PI 1 that meets this requirement is expressed as follows:
② When more than two quality items have the same value in terms of the difference between Satisfaction and Importance, the lower the satisfaction, the higher the priority. The PI 2 that meets this requirement is expressed as follows:
The PI that simultaneously reconciles the two requirements can be obtained by combining Eq. (7) and Eq. (8). The weighted aggregation most widely used in combining individual indices was utilized in this study. Under the hypothesis that the weight of an individual index is equal according to Eq. (7) and Eq. (8), the quality improvement priority index is suggested as shown in Eq. (9).
-----(9)
Verification of discrimination of the PI
To conduct a comparative analysis of the PI proposed in this research and the four different types of priority assessment methods discussed in Section 2.2, (9), which is relatively more discriminated compared with the existing methods.
Quality improvement priorities and plan for the construction PMIS
Summary of quality improvement priorities assessment
To assess the extent to which the quality improvement priorities reflected the opinions of the users of a construction PMIS in Korea, a total of 23 assessment items of three PMIS quality factors were measured using a 7-point Likert scale. A questionnaire survey was conducted for the operators and construction managers that are the main users of a construction PMIS. Data collection using a questionnaire was carried out over about 3 months from May 10, 2010 to August 9, 2010 via e-mail and postal mail. Average daily time the respondents spent using PMIS stood at 4.69 hours, which was sufficiently long for them to assess the quality of PMIS. Table 7 shows the general information of the 253 respondents.
Analysis of quality improvement priorities
For the analysis of the quality improvement priorities of the construction PMIS, the average of the points assessed by 253 respondents were used as the values of I and S. The priority analysis was determined using Eq. (9), and Table 8 shows the analytical results of improvement priorities. It is hypothesized that when the value of Importance is less than that of Satisfaction, the user is satisfied with the quality item, and thus he/she does not place any emphasis on improvement. That is, when the value of Importance is less than that of Satisfaction, the value of PI is shown to be '0' or negative, and such items are considered as not included in the priorities analysis. This research has significance, in that the quality improvement priorities of the construction PMIS in wide use were presented using a priority index with discrimination power that had been verified statistically. In addition, improvement plans were also presented based on the opinions of specialists. However, the determination of the improvement items according to priority was expedient for efficient improvement due to the limitations of resources, and it is inevitably necessary to perform continuous activities to improve the system quality. Furthermore, the numerical value calculated in this study can vary depending on the measuring tools and methods, so while it can be utilized to determine the relative urgency of assessment items, it is impossible to conduct absolute interpretation.
To perform continuous quality improvement of the construction PMIS, this quality improvement priority assessment should not be just a one-time event, as continuous assessment, improvement activities and feedback processes are needed. A system should be built that enables the construction PMIS to be continuously improved, and the systematic management of the quality improvement priority assessment is also required. In addition, by comparing the assessment values between an individual PMIS and all PMISs, or between individual PMISs, individual PMIS providers will be motivated to improve their system. A priority assessment method that reflects the relative importance of individual quality items should be considered.
